T rauma and head injury are occasionally accompanied by blunt cerebrovascular injury (BCVI). BCVI can result in dissection, thrombosis, occlusion, and the formation of pseudoa-neurysms. 1 Stroke, which has particularly been observed in young patients, 2 is a frightening consequence. The majority of nonpenetrating vessel injuries involves the internal carotid artery (ICA). 3 While early studies regarded the disorder as rare, [4] [5] [6] [7] recent studies report a much higher BCVI incidence of Ͼ1% among blunt-trauma patients. 8, 9 Ischemic complications have been reported to occur typically with a delay (minutes to years, according to different investigators, most likely within the first 7 days). 5, 7, 10, 11 Several authors have therefore emphasized the importance of an early diagnosis and recommended aggressive screening. 8, 9 However, a recent study questions whether there would be a benefit from an aggressive angiographic screening protocol. 12 The authors conclude that BCVI is a rare event and either remains asymptomatic, or, if there is a related stroke, it will develop shortly after injury, making prophylactic treatment impossible.
Considering the differing and in part contradictory previous findings, we sought to investigate the frequency, the clinical significance, and the circumstances of the occurrence of BCVI in our own population of trauma patients.
SUBJECTS AND METHODS
We searched a databank of 306 patients with a history of trauma to the head and/or neck for subjects with a concomitant BCVI. All patients had been inpatients of the Day Clinic of Cognitive Neurology, University of Leipzig, where they had been admitted for the diagnosis and therapy for trauma-related cognitive dysfunction. Patients' histories were evaluated particularly with respect to the published risk factors for BCVI. 13 All patients had undergone MRI for the evaluation of traumatic and nontraumatic, ie, spontaneous, cerebrovascular lesions. The imaging protocol has been published previously. 14 In short, the protocol consisted of 3 scans of the same geometry (20 slices, axial plane, slice thickness 5 mm, slice gap 2 mm): (a) 2D, T1-weighted, reduced-power, multislice, modified, driven-equilibrium Fourier transform (MDEFT) images (field of view ͓FOV͔ 25.0 ϫ 25.0 cm, data matrix 256 ϫ 256, repetition time ͓TR͔ 1.3 seconds, echo time ͓TE͔ 10 ms); (b) 2D T2-weighted fast spin-echo (FSE) scans (FOV 25.0 ϫ 25.0 cm, data matrix 512 ϫ 512, TR 8.5 seconds, TE 21.7 ms); (c) 2D T2*-weighted gradient echo images (FOV 19.2 ϫ 19.2 cm, data matrix 256 ϫ 256, TR 700 ms, TE 15 ms, flip angle 25°). The diagnosis of BCVI relies on angiographic and/or ultrasound findings (dissection, wall hematoma, nonarteriosclerotic stenosis or occlusion). All patients with evidence for BCVI or ischemia on brain MRI had been assessed for concurrent causes of ischemic stroke and for the presence of established stroke risk factors. 15 Written informed consent was obtained from all participants.
RESULTS
Eleven subjects (3.5%) were identified in whom there was evidence for a concomitant BCVI. In 8 patients (2.6%), the diagnosis of BCVI can be regarded as proven. In 3 patients (0.98%), a diagnosis of BCVI is probable. Evidence of a cerebral ischemia was present in 9 patients (82%, or 2.9% of all patients), of which only 1 was asymptomatic. In the 8 patients with stroke, it was the major or sole cause of disability. Clinical and demographic data are shown in Table 1 . For illustration, the case histories of the patients are reported and analyzed.
CASE REPORTS

Patients With BCVI and Early Strokes
Patient I was a 50-year-old man who, as a driver of a car, was involved in a motor vehicle crash. The patient was found conscious at the accident site. Multiple rib fractures, a hemopneumothorax, and a splenic rupture were diagnosed, and the patient underwent surgery. Two days after the accident, mechanical ventilation and sedation were terminated, and at this time right-sided hemiparesis and an aphasia were noticed. CT showed a mixed lesion pattern of the left hemisphere, consisting of an extensive anterior watershed infarction and a smaller area of ischemia in the MCA territory, probably of embolic origin. Color-coded sonography (CCS) was suggestive of a dissection of the left extracranial ICA, which was confirmed by angiography.
Patient II, a 46-year-old codriver, was involved in a motor vehicle accident. He did not wear a seatbelt. The following diagnoses were made on admission to hospital: closed traumatic brain injury, nondislocated fracture of the first cervical vertebra, subluxation of the right shoulder, and an incomplete lesion of the right brachial plexus. On the fifth day postinjury, the patient developed a progressive somnolence. CT revealed obstructive hydrocephalus, which was due to a cerebellar infarction in the territory of the left PICA. CCS showed a large hematoma in the wall of the left CCA and occlusion of the left VA. Angiography was not performed.
Patient III was a 16-year-old adolescent who collided with a concrete pillar while driving a buggy. There was no immediate medical consultation. During the same night, the patient was found comatose by his parents. CT/MRI revealed a bilateral thalamic infarction. Angiography was performed 2 days later and showed a dissection of the right VA, with a tight stenosis of the V3/V4 segment.
Patients With BCVI and Late Strokes
Patient IV was a 34-year-old man with a medical history of Hodgkin disease in remission, who had had a motor vehicle accident. The patient did not consult a physician. Five months later, the patient experienced right-sided hemiparesis and aphasia of acute onset, which led to hospital admission. A small, probable embolic infarction in the left MCA territory was diagnosed on CT. Ultrasound-Doppler findings suggested a stenosis of the left distal extracranial ICA. Angiography showed a dissection of the extracranial ICA directly beneath the skull base and a thrombus in the M3segment of the left MCA. Stenting of the left ICA was performed, and the patient was discharged, free of symptoms. Six months after stent implantation, after having stopped clopidogrel, there was a new stroke, with right-sided hemiparesis and aphasia. Repeat angiography revealed an occlusion of the M2 segment of the left MCA.
Patient V, a 52-year-old female front-seat passenger, sustained fractures of the sternum and the 12th thoracic and first lumbar vertebrae during a motor vehicle accident. The patient was hospitalized for 5 weeks and conservatively treated. Four years later, the patient developed acute aphasia, followed by right-sided hemiparesis. CT showed an infarction of the left basal ganglia and internal capsule and a hyperdense MCA sign. Angiography was performed 1 day later and revealed an occlusion of the extracranial segment of the left ICA ( Fig. 1A ). Transesophageal echocardiography was unremarkable, particularly with respect to a potential source of a cardiac or aortic embolus. On follow-up 1 year later, CCS showed a severely narrowed lumen of the complete extracranial segment of the left ICA ( Fig. 1B) . This finding would be highly atypical for a spontaneous reperfusion of an embolic occlusion. Thus, in the absence of signs of arteriosclerosis, a dissection of the ICA seems to be the most likely original diagnosis. Due to a lack of therapeutic implications, we refrained from repeat angiography.
Patients With Early Strokes and No Detectable BCVI/Vessel Abnormality
Patient VI was a 45-year-old female whose car crashed into a bus. No major injuries were documented by the emergency doctor, but the patient complained of severe pain of the head and neck. With a diagnosis of minor traumatic brain and whiplash injury, the patient was hospitalized. During transport, left-sided facial weakness was noticed, and approximately 1 hour later, the patient developed a left-sided hemiplegia. CT was performed the next day and showed infarctions in the right MCA and ACA territories. Angiogra- phy findings were suspicious of embolism from the C1 segment of the right ICA. Transesophageal echocardiography was normal. CCS was performed on follow-up after 18 months, with normal findings. Patient VII was a 28-year-old driver of a transporter, which collided frontally with an oncoming car. The patient did not wear a seatbelt. At the accident site, the patient was found conscious, and with the exception of a laceration at the chin, no injuries were documented. The patient was admitted to hospital, and after minor surgery of the skin lesion, the patient appeared somnolent and a progressive left-sided hemiparesis was noticed. CT was performed the next day and showed a right MCA infarction. Angiography the same day showed a slightly decreased flow in the distal branches of the right MCA but was otherwise normal. Transesophageal echocardiography findings were unremarkable. Several days after the accident, it appeared that the patient was blind in the right eye, and an occlusion of the right central retinal artery was diagnosed. Aspirin was prescribed. CCS was performed on follow-up 6 months later, with normal results.
Patient VIII was a 50-year-old women who suffered a traffic accident as a front-seat passenger. On admission to the hospital, the patient was conscious but disoriented. The following diagnoses were made: minor TBI, thoracic contusion, splenic rupture, multiple left-sided rib fractures, and rightsided ankle fracture Weber C. Neuroimaging was not performed. Because of persistent complaints of cognitive dysfunction and neck pain, a first CT followed 3 months after the accident and showed a nonhemorrhagic lesion in the right parietal lobe (Fig. 2) , which initially was thought to be a contusion. However, a closer look made it quite plain that there was a cerebral infarction in the territory of parietal branches of the right MCA. Angiography was not performed. CCS 5 years later was normal.
Patients With Occult BCVI
Patient IX was a 22-year-old female student who was involved in a car rollover accident. The following diagnoses were made: frontal scalp lacerations, bifrontal contusions, left frontal bone fractures, anterior skull base fractures, fracture of the left mastoid, left humeral and olecranon fractures, and right radial fracture. Subsequent MRI confirmed bilateral orbitofrontal contusions and revealed additional signs of diffuse axonal injury. There were no cerebral infarctions. CCS was performed 8 months after the accident and revealed a tapering stenosis, with a distal occlusion of the extracranial segment of the left ICA, which was most likely a residue of a traumatic lesion. Because of the unequivocal ultrasound findings, angiography was not regarded to be necessary. Patient X was a 19-year-old male front-seat passenger who suffered a car accident. The patient did not wear a seatbelt. The emergency doctor found the patient conscious, and after hospital admission, the following diagnoses were made: fractures of the left temporal bone and the left inferior orbital wall, with compression of the optic nerve, incomplete laceration of the left ear, and laceration of the olfactory fibers with anosmia. MRI 18 months later showed atrophy of the left optic nerve, a left temporopolar contusion, and a small T2-and T2*-hyperintense lesion in the left middle centrum semiovale, compatible with ischemia of embolic or hemodynamic origin. CCS showed an irregular narrowed lumen of the left extracranial ICA, highly suspicious of dissection. The finding was confirmed by angiography, which in addition revealed a pseudoaneurysm of the cavernous ICA (Fig. 3A) .
Patient XI, a 31-year-old female, was using inline skates when she fell on the back of her head. There was an immediate loss of consciousness and a generalized seizure. On hospital admission, the patient was awake, and, except for headache, no neurologic signs or symptoms were reported. CT showed a skull fracture, SAH, and a hemorrhage into the right lateral and third and fourth ventricles. Because a primary SAH was considered as a possible diagnosis, angiography was performed, which showed a proximal dissection of the left VA; no aneurysm was noted.
DISCUSSION
Despite probable bias because of the retrospective nature of our study, the small number of patients, and selection bias, our findings support the higher incidence data for BCVI, which have been reported in a part of the recent literature. 8, 9 Moreover, in the majority of our patients with BCVI, there was evidence for an ischemic complication, and with 1 exception (patient X), stroke was the major or sole cause of long-term disability in these patients. The time window from trauma to onset of stroke was highly variable. Only in 2 patients, the time of onset of stroke remained unclear (patients VIII and X). In 3 patients, stroke occurred within the first hours after the accident, in 2 within the first days, and in the remaining 2 with a delay of months and years ( Table 2) . These data clearly argue against the conclusions in the study by Mayberry et al. 12 In particular, the possible occurrence of late BCVI-or trauma-related brain ischemia must be emphasized. In the previous studies, the length of follow-up (eg, 3 weeks in the study by Mayberry et al 12 ) was not sufficient for exclusion. Delayed ischemic strokes have repeatedly been documented. 5,7,11,16 -18 We have sorted our patients into the following scheme: (i) patients with BCVI and early stroke, (ii) patients with BCVI and late stroke, (iii) patients with early strokes and no detectable BCVI/vessel abnormality, (iv) patients with occult BCVI. In the first 2 categories, a causal relationship between trauma and stroke can be regarded as proven or is at least very likely. In the third category, one may doubt whether the strokes were indeed BCVI related, because no BCVI was diagnosed. However, 2 of these patients share a nearly identical history, and the suspicion that there is more than only coincidence between the car crashes and the neurologic disease is overwhelming. A careful look at the patients' histories likewise excludes the possibility that a stroke primarily might have led to the accidents. No risk factors were present in these patients, and both patients had undergone a complete diagnostic workup. In the third patient, a cerebral infarction was simply mistaken for a contusion, and the possibility of BCVI was thus not considered.
The development of BCVI is very likely a highly dynamic process. The spectrum ranges from the induction of a small intimal tear with spontaneous healing to the formation of an overt thrombus with dissection, leading to the complication of distal embolization and hypoperfusion. It is conceivable that a small intimal tear could lead to a thromboembolic event, with vascular imaging not being able to detect the site of injury and the local thrombus no longer being present. Thus, the temporary failure to demonstrate BCVI by means of angiography is not sufficient to prove its nonexistence per se. In the series reported by Hilton-Jones and Warlow, 2 there were 3 patients with normal angiography in whom a traumatic stroke was assumed. In 3 more patients, angiography had not been performed. Until there is proof to the contrary, we therefore believe that BCVI-related strokes may happen without direct evidence of BCVI, which is an important argument with respect to medical expert opinions and insurance questions. The fourth category (patients with occult BCVI) consisted of 2 different subpatterns. In one patient, angiography was performed because an aneurysmal SAH was suspected.
However, a vertebral dissection was indeed diagnosed. This finding led to the prescription of antiplatelet agents, which might have prevented ischemic complications. In the 2 other Cerebrovascular Injury patients, duplex ultrasound revealed previously undiagnosed BCVI of the ICA 8 and 18 months, respectively, after the accidents. To our knowledge, such a long interval between trauma and the detection of occult BCVI has not been reported before. Both patients were young and previously healthy. Preexisting vascular abnormalities, unrelated to the trauma, are unlikely. On the background of these findings, one could therefore hypothesize that due to the lack of standardized screening criteria, a diagnosis of BCVI might be missed in more cases. Consistent with data from the literature, [7] [8] [9] 19 thromboembolism was the essential cause of cerebral ischemia among our patients. Only in 1 patient did we find a watershed infarction indicative of hemodynamic compromise. In one patient with occult BCVI, MRI showed a T2-and T2*hyperintense lesion in the left middle centrum semiovale, compatible with ischemia of either embolic or hemodynamic origin (Fig. 3B) .
The patients with occult BCVI indicate that BCVI may also remain clinically silent. Nevertheless, the demonstration of BCVI could also be relevant in these patients because they might chronically be prone to cerebral ischemia. Data concerning the risk of recurrent stroke and dissection are conflicting. While most authors regard it as low, 20 a recent study reported an annual recurrence rate of vascular events of 10.4% in cervical arterial dissection. 21 The natural history 
BCVI indicates blunt cerebrovascular injury; AH, arterial hypertension; DAI, diffuse axonal injury; HC, homocystinemia; GCS, Glasgow Coma Scale score; nd, no data available; PFO, persistent foramen ovale. rate of recurrent stroke and dissection in the long term has not been determined. As is the case in our 3 patients, subjects are mostly young. 4, 5, 13, 22, 23 Currently, long-term antiplatelet therapy is recommended for patients with extracranial arterial dissection, 20 and it seems rational to apply this recommendation also to BCVI. At least when additional vascular risk factors emerge during life, a history of BCVI may be an important cofactor further influencing prognosis and therapy. Interestingly, 3 patients with BCVI had homocystinemia, which has been reported as a risk factor for spontaneous arterial dissections 24 and might also predispose to BCVI. Our observations demonstrate the limited value of the published predictors of BCVI, 13 such as the GCS score ( Table 3 ). 25 The only factor which seems to be particularly related to BCVI is a history of a road traffic accident, which may be due to the associated possibility of violent neck extension and flexion. 1, 4, 8, 11, 26 Beyond the 2 extremes of aggressive angiographic screening, which has been recommended by Biffl et al 8 and "diagnostic nihilism," which could be concluded from the study by Mayberry et al, 12 a third way may be suggested. Notwithstanding that magnetic resonance (MRA) and computed tomographic angiography (CTA) are also useful, 27 ultrasound screening of traffic accident victims could be reasonable practical approach. The method is inexpensive, widely available, and can be used repeatedly in a bedside setting. This is particularly advantageous in the acute stage of trauma because of the interindividual differences in the temporal evolution of BCVI and the frequent finding of progression following injury. 8 With the use of combined examinations (extra-and transcranial Doppler, extra-and transcranial CCS) ultrasound has been proved reliable for the diagnosis of arterial dissection and vascular injury. 28 -33 The overall sensitivity has been reported 95%, 34 which may even be increased by the application of special techniques (submandibular and transoral approaches). 31, 35 In our own patients with proven BCVI, ultrasound led to a diagnosis in 6 of 6 patients in whom it had been performed.
In conclusion, BCVI and BCVI-related strokes are no rarity. The natural history of BCVI in the long term remains to be determined. It seems possible that the time window for the occurrence of cerebrovascular ischemic events could be longer than is currently suspected. Regardless whether there is a BCVI-related stroke, evidence of BCVI may therefore have important medicolegal implications in the individual patient. A careful history-taking is recommended in cases where there is no clear etiology for stroke or if otherwise unexplained abnormalities of the carotid and vertebral arteries are found. Ultrasound could lower the threshold for active screening, which is particularly indicated in victims of road traffic accidents.
